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8 



Amendments to the Claims 



LLj Claim 21 has been amended to recite a method of de-inking waste printed paper, Q3 

m m 

«3l comprising: (a) pulping at a pH between 3 and 8 waste printed paper with an enzyme capable of CO 

S dislodging ink particles from the waste printed paper in an aqueous medium at a pH between 3 ^ 

« $ 

. and 8, wherein ink is dislodged from the waste printed paper by action of the enzyme; and (b) zZ 

CO £ 

lay removing the dislodged ink particles from the resulting pulp containing medium. 

CO C 

Claim 3 1 has also been amended to recite a method of recycling waste printed paper V" 

comprising: (a) pulping at a pH between 3 and 8 waste printed paper with an enzyme capable of 
dislodging ink particles from the waste printed paper in an aqueous medium at a pH between 3 *v 
and 8, wherein ink is dislodged from the waste printed paper by action of the enzyme; and (b) 
removing the dislodged ink particles from the resulting pulp conlsdning medium. Claim 3 1 has 
also been amended to refer to high wastepaper pulping consistency (referred to in the 
specification and claims as "high pulp content")* 

Support for the amendments is found, for example, at page 6, lines 7-8, and original 
claim 8, of the priority application, U.S.S.N. 07/518,935 filed May 4, 1990 ("the '935 
application), claiming priority to Korean application 6514/1989 filed May 16, 1989. The Korean 
application is identical to the '935 application, with the exception of the paragraph found on page 
6, at lines 25-27 of the '935 application, which was added to the Korean application. Support fox 
the range 3 to 8 is found ofi page 8-2, last paragraph, line 6. Support for the high pulping 
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consistency is found on page 8-2, last paragraph, line 3- A copy of the '935 application and the 
originally filed English translation of the Korean patent application as well as a new translation 
of the Korean patent application are enclosed The original Korean patent application was 
downloaded from the Korean patent application site and a new translation prepared to insure the 
accuracy of the translation- 
Applicants are therefore folly entitled to the priority date of May 16, 1989, for the range 
of 3 to 8 in claims 21 and 31. 

Claim 29 has been cancelled. 

The phrase "a temperature of 20°C* in claim 30 was added May 13, 1991 by amendment 
Claims 30, 32 and 40 have been amended to refer to <c room temperature 55 (which could 
encompass of temperature of between about 20-25 °C) and is therefore fully entitled to the 
priority date of May 16, 1989. 

Claims 25 and 34 have been amended to recite only cellulases and pectinases, which is 
fully supported in the May 16, 1989 priority application, 

The phrase "pH 3 to about 7" and "pulping at an acid or neutral pH" was not originally 
disclosed in 07/518,935 but is found at page 6, lines 6-7 of US. S.N. 08/239,313 which was filed 
on May 6, 1 994 (the c 313 application'")' Therefore claims 26 and 35 are entitled to a priority 
date of May 6, 1994. 

Claims 27 and 37 have been amended to define the aqueous medium where alkali 
("caustic soda" as originally translated) is not added, This is fully supported by the priority date 
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of May 16, 1 989, at page 8-2, paragraph 6, lines 4-5, Claims 41 and 47 have been amended to 
recite a pH range of between 3 and 8 and are therefore fully entitled to the priority date of May 



a. Japanese Patent Document No. JP-A 59-9299 

Claims 21-25, 27-34, and 36-47 were rejected under 35 U.S.C. § 102(b) as being 
anticipated by or, in the alternative, under 35 U.S.C. 103(a) as obvious over Japanese Patent 
Document No. JP-A 59-9299 published 1984 ("the '299 patent"). Applicants respectfully 
traverse this rejection 

The '299 patent describes a de-inking agent that can be used for recycling of old paper 
such as newspapers and magazines. The de-inking agent contains a cellulase (page 2, 4 th 
paragraph). Cellulases are commonly found in animals, plants, bacteria, and fungi. The '299 
patent discloses that alkaline cellulases are especially preferred. The '299 patent defines an 
alkaline cellulase as one having an optimum activity between pH 8.0 an 11. 5. There is a 
statement that "Such enzymes retain their activity in the alkaline region as well as the acid and 
neutral range" (bottom of page 2 to top of page 3). The Examiner has alleged that since the 
enzyme can be active in acidic and neutral pH, it would have been obvious to use the cellulase 
over its entire range of activity, e.g. at acidic and neutral pH. The examiner's reasoning is in 
error since the claimed pH range is to the pH of the pulp; the prior art comment xelates to the pH 
at which the enzyme is active. The statement merely implies that one can use an enzyme with a 



16, 1989. 
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broad pH specificity or more preferably one with apH optimum between 8-11; there is nothing 
with respect to the pH of the pulp to which the enzyme is added. 

In determining the differences between the prior art and the claims, the question under 35 
U.S.C, 103 is not whether the differences themselves would have been obvious, but whether the 
claimed invention as a whole would have been obvious to one of ordinary skill in the art at the 
time of the invention. Stratoflex, Inc. v. Aeroquip Corp., 713 F.2d 1530, 218 USPQ 871 (Fed, 
Cir. 1983); Schenck v. Nortron Corp., 713 F.2d 782, 218 USPQ 698 (Fed. Cir. 1983). To 
establish prima facie obviousness of a claimed invention, all the claim limitations must be taught 
or suggested by the prior art. In re Royka, 490 V2d 981, 180 USPQ 580 (CCPA 1974). "All 
words in a claim must be considered in judging the patentability of that claim against the prior 
art" In re Wilson, 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). 

Examples 1 -3 of the '299 patent all disclose the use of NaOH during the disintegration 
step. This would yield an alkaline pH (i.e., greater than pH 8,0), 

The claims are drawn to a process of deinking at a pH between 3 and 8. The '299 patent 
dops not disclose deinking at a pH between 3 and 8. The examiner is confusing the pH range of 
the enzyme with the pH range of the deinking process. However, it is the pH range of the 
deinking process that is in issue. 

In Howard Kaplan's declaration (copy enclosed as Exhibit A), which was submitted with 
the response filed on November 22, 2004 and a copy of which is enclosed with this response, it 
was shown that the pH of the reaction mixture described in Example 2 of the *299 patent was 
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1 0.6 (alkaline). Although the examiner indicates he is coniused by what conditions were used, 
the conditions that were used were exactly those described in Example 2 of the *299 patent. This 
is what the undersigned asked the examiner if the applicants should use, and the examiner had 
stated that was correct. It was also noted that it was impossible to do anything else, as requested 
by the examiner, since what the examiner was requesting was not disclosed in the '299 patent. 

The Japanese Patent Office (JPO), in its Decision of Opposition to Patent (copy enclosed 
as Exhibit B), a registered copy of which was submitted with the response filed on August 1 1, 
2QQ4 3 found that there was no disclosure or suggestion of "pulping after controlling the pH in the 
range of 3 to 8, a part of the construction of the present invention. . . .Thus the present invention 
cannot be constructed to be easily invenlable by a person having ordinary skill in the art from the 
description of the '299 patent." 

The declarations of Drs. Eriksson and Eveleigh (copies enclosed as Exhibits C and D), 
dated March 19, 2004 and April 12, 2004, respectively, state that it is their understanding that the 
c 299 patent discloses only the successful use of deinking enzymes with alkaline deinking 
chemicals such as sodium hydroxide. Dr, Eriksson cites an article from Paper and 
Pulplnternational (PPI) entitled "Neutral Deinking Makes Its Debut" (copy enclosed as Exhibit 
E) describing the breakthrough in October 1993 of deinking in neutral conditions, without the 
addition of alkalis such as sodium hydroxide to the pulp prior or during deinking. The 
declaration of Mr. Schmid (copy enclosed as Exhibit F), dated May 7, 2004, states that it is his 
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understanding that there was no suggestion of non-alkaline deinking at the Zwingen plant prior 
to 1992. 

In summary: 

The '299 patent does not disclose deinking at a pH between 3 and 8. The '299 patent 
discloses deinking using an enzyme that has activity over a range of 3 to 1 1 , preferably 8.1-11. 

The Japanese Patent Office Opposition Board found that the '299 patent did not disclose 
deinking of paper pulp with an enzyme at a pH of 3 to 8. 

Those skilled in the art believed that it was believed that one could only deink at an 
alkaline pH at the time this application was originally filed. 

Accordingly, the applicants have clearly shown that there was no suggestion in the prior 
art of enzymatic deinking at a pH of 3 to 8 - i.e., at an acid or neutral pKL Accordingly, the 
claims are novel and inventive over the '299 patent. 

b. Japanese Kokai 63-59494 

Claims 21-25, 27-34 and 36-47 were rejected under 35 U.S.C. 102(b) as anticipated by 
or, in the alternative, under 35 U.S-C. 103 (a) as obvious over Japanese Kokai 63-59494 ("JP 
'494"). 

The Examiner alleges that JP '494 discloses de-inking wastepaper using cellulase having 
a pH within the claimed range. This is simply not accurate. 

JP '494 discloses a method of removing ink from used paper, characterized by the use of 
an alkali-resistant cellulase in the process of removing ink by treating used paper with ink 
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removal chemicals (the bottom of page 3 bridging the top of page 4). JP '494 states that the ink 
removal reaction proceeds under basic conditions. JP '494 describes a method in which the 
alkali resistant cellulose can be added 30 minutes to one hour after the addition of the usual ink- 
removal chemicals, or can be added simultaneously with the ink-removal chemicals (page 5 3 1 st 
paragraph). The ink removal chemicals described are those chemicals generally used to remove 
ink from used paper. Examples include alkali such as NaOH and NaaCCh, silicic acid soda, 
hydrogen peroxide, phosphate, anionic and non-ionic surface active agents, scavengers such as 
oleic acid and additional agents such as pH stabilizers, chelating agents, and dispersants (the 
bottom of page 5 bridging the top of page 6). Example 1 describes a method of treating used 
newspaper using 1% NaOH, 1% H 2 0 25 3% silicic acid soda and 0.2% of a non-ionic surface- 
active agent. The mixture was stiiTed for 20 minutes at 50°C and 0.1% alkaline resistant 
cellulase was added. The mixture was diluted to a 1% concentration and flotation was carried 
out for 10 minutes using a testing flotation device. After the reaction was completed, 100 g/m 2 
of handmade paper was obtained by maintaining the pHasis (pH 9.1) (top of page 7). Example 
2 describes a method of treating similar or transliteration paper using 1% NaOH, 0.1% nonionic 
surface-active agent and 0.05% alkali-resistant cellulase (same enzyme used in Example 1). 
Example 3 describes a method of treating used newspaper using 1% NaOH, 0.1% non-ionic 
surface-active agent, and 0.5% alkaline-resistant cellulase. In Example 1 , the cellulase was 
added after the addition of the ink-removing chemicals. In Examples 2 and 3, the cellulase was 
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added simultaneously with the ink removing chemicals. JP A 494 clearly does not disclose a 
method of enzymatically delinking waste printed at a pH between 3 and 8. 

The Examiner is directed to the declaration of Dr. Masahiro Samejima (copy enclosed as 
Exhibit G) 3 dated March 5, 1996, which was submitted during prosecution of related application 
U.S.S.N. 08/239,313 ("the '313 application") as well as the letter from Mr. Kouichiro Takaku 
(copy enclosed as Exhibit H), a Japanese Patent Attorney, dated January 24, 1996, which was 
also submitted during prosecution of the c 313 application. Dr. Samejima and Mr. Takaku both 
stated that the JP '494 patent states that "Cellulase is inactivated in an alkali condition of pH 8 or 
more. On the other hand, as a deinking is performed in the alkali condition, conventional 
, cellulase cannot use therefore." 

This can only be interpreted to state that the deinking described by the JP '494 is 
performed at a pH of greater than 8 S i.e., under alkaline conditions. 

The declarations also state that the JP c 494 says "On the other hand as a deinking is 
performed in the alkali condition, conventional cellulase cannot use therefore. However, in case 
alkali-resistant cellulase is used, it is activatable in the alkali condition. Therefore, if the 
deinking is performed by using alkali-resistant cellulase with a deinking agent (alkali), the 
deinking effect is improved due to the action of the enzyme." This clearly indicates that one 
must use a cellulase that is active at alkaline conditions. 

However, the claim of the present application is drawn to 

A method of de-inking waste printed paper, comprising 
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a) pulping at a pH between 3 and 8 waste printed paper with an enzyme capable of 
dislodging ink particles from the waste printed paper in an aqueous medium at a pH 
between 3 and 8 5 wherein ink is dislodged from the waste printed paper by action of the 
enzyme; and 

b) removing the dislodged ink particles from the resulting pulp containing medium. 
Note the requirement both of the pH of the pulping conditions and of the requirement that an 
enzyme be used which is active at a pH of 3 to 8. This is simply not disclosed hy nor obvious 
from the JP'494. 

<* WO 91/14819 

Claims 21-25, 27-34 and 36-47 are rejected under 35 U.S.C. 102(b) as anticipated by or, 
in the alternative, under 35 U.S.C. 103 (a) as obvious over WO 91/14819 to Baxet et at ("the 
'819 application'*)- 

As amended, all claims with the exception of claims 26 and 35 are fully entitled to a 
priority date of 1 989, WO 91/14819 is therefore not prior art to claims 21-25, 27-34 and 36-47. 
Claims 26 and 35 have not been rejected over WO 91/14819. 

Rejection Under 35 U-S-C* § 103 

a. Japanese Patent Document No. JP-A 59-9299 with or without U.S. Patent No. 
3,966,543 or US. Patent No. 4,618,400. 

Claims 21-47 were rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Japanese Patent Document '299 alone or in combination with U.S. Patent No. 3,966,543 to Cayle 
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et al ("Cayle") or U.S. Patent No. 4,618,400 to Wood et ah ("Wood 7 *). Applicants respectfully 
traverse these rejections. 

As discussed above, the *299 patent does not disclose or suggest deinking at a pH 
between 3 and 8 using a cellulase that is active at a pH between 3 and 8. As defined by 
Webster's third New International Dictionary (pages enclosed), "between" is defined as "in 
intermediate relation to in respect to quantity, quality or degree". Accordingly, "a pH between 3 
and 8" means a pH of greater than 3 and up to 8. 

Cayle describes a method for the treatment of paper to facilitate its disintegration upon 
subsequent disposal (col. l s lines 4-6). The method comprises applying a dilute aqueous solution 
of a cellulase enzyme complex to the wet paper web during paper manufacture (col. 1 , lines 23- 
30), The cellulase complex can be obtained from various natural sources and particularly 
microbial sources including TriModerma viride, Penicilium variable, and Myrothecium 
verrucaria (col. 3, lines 12-17). Cayle does not disclose or even suggest a method for de-iriking 
wastepaper wherein the ink is detached from the fibers so that they can be efficiently removed in 
much less a method for de-inking waste paper at acidic or neutral pH, Deinking is the 
detachment of ink from the paper fibers so that they can be efficiently removed from the waste 
water. Merely defibering waster paper with ink still attached to the fibers, as described by Cayle, 
does nothing to facilitate deinking. Cayle does not provide the elements missing from the 6 299 
patent. 
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Wood describes a method for the de-inking of wastepaper which comprises converting 
the wastepaper to a pulp, contacting the pulp with an aqueous medium of alkaline pH containing 
between about 0.2 and 2 percent by weight, calculated on dry weight of the pulp, of a de-inking 
agent which is one or a mixture of certain thiol ethoxylate compounds, and treating the resulting 
pulp-containing medium to remove the suspended or dispersed ink (col, 1 , line 57 to col. 2, line 
12). Wood does not disclose an enzymatic method for de-inking wastepaper at acidic or neutral 
pH. 

Therefore neither Wood nor Cayle make up for the deficiencies of the '299 patent 
6, GB 2,231,595 or WO 91/14819 in view of Japanese Kokai 63-59494 

Claims 26 and 35 were rejected undex 35 US.C. 103(a) as obvious over GB 2,231,595 
C'the '595 application") or WO 91/14819 C'the *S19 application') in view of Japanese Kokai 63- 
59494 ("the JP '494 patent^)- 

The 4 595 application is the equivalent of the parent application, 07/5 1 8,935 ("the '935 
application")- The '595 application discloses a method for de-inking waste printed paper, 
comprising: a) pulping at apH in the range of 3 to 8 waste printed paper with an enzyme capable 
of dislodging ink particles from the waste printed paper in an aqueous medium at a pH in the 
range of 3 to 8, wherein ink is dislodged from the waste printed paper by action of the en2yme, 
The '595 application does not disclose cellulases derived from Trichoderma viride, Aspergillus 
niger and mixtures thereof 
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The 6 819 application discloses an enzymatic process for deinking waste paper, 
comprising the following sequential steps: (a) pulping the wastepaper at a consistency above 8% 
in the presence of deinking chemicals at a pH above 9.5; (b) lowering the pH to 6-9.5 by 
addition of an acidifying agent and adding alkaline celhilase; (c) continuing the pulping and/or 
maceration at consistency above 8%; and (d) separating the ink particles from the pulp. 

As discussed above, JP '494 discloses the use of an alkaline-resistant cellulase under 
alkaline conditions (i.e. addition of sodium hydroxide) to de-ink wastepaper. The JP '494 patent 
does not disclose or suggest a method of delinking waste printed paper, comprising: a) pulping at 
apH in the range of 3 to 8 waste printed paper with an enzyme capable of dislodging ink 
particles from the waste printed paper in an aqueous medium at a pH in the range of '3 to 8 9 
wherein ink is dislodged from the waste printed paper by action of the enzyme (see the 
declaration of Dr. Masahiro Samejima, dated March 5, 1996 and the letter from Mr. Kouichiro 
Takaku, dated January 24, 1996, copies of which are enclosed). 

None of the cited art discloses the claimed cellulases derived from Trichoderma viride, 
Aspergillus niger r None of the prior art provides any motivation to obtain the claimed cellulases 
and combine them with the claimed process as applicants have done. None of the art cited by the 
examiner would lead one of skill in the art to modify what is disclosed to use the claimed 
enzymes, with a reasonable expectation of success. Therefore claims 26 and 35 are not obvious 
over the cited art 

45057809 18 EDT 101 CON 

095146/3 



PAGE 22/80 * RCVD AT 8/212005 9:31:26 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/27 * DNIS:2738300 * CSID: * DURATION (mm-ss):33-54 



AUG'. 2.2005 9:39AM 



PABST PATENT GROUP 



NO. 5049 P. 



U.S.5.N. 09/121,152 
Filed; July 22, 1998 

AMENDMENT AND RESPONSE TO OFFICE ACTION 



Allowance of claims 21-28, 30-38, and 40-47 is respectfully solicited. 




submitted, 



Patrea ]L Pabst 
Reg. No. 31,284 



Date: August 1,2005 

PABST PATENT GROUP LLP 
400 Colony Square, Suite 1200 
1201 Peachtree Street 
Atlanta, Georgia 30361 
(404) 879-2151 
(404) 879-2160 (Facsimile) 
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aat t Zorox, Uaap and ink Jot. Theae Inks ueually contain, 
cures polynar poaina Which bind Ink partial-- no ntrongly on 
tho fiber anpfaoa that It la ^possible to dlelodge tho loko 
eoaplotaly during tho wastepgnoP deftberlalhg (pulping) 
atago with tha conventional da-inking oh*»leala. Bncoae 
baat and noohanloal energy op* * ltn «• 

Ineffective conventional ohtnloala. 

Fttpt'hartopo, in tho conventional flotation de-Inking 
ppoooaa fop newapriat waatopapop, a major technical probl«* 
haa Co do with tho foot that fin* ink particles ar« omboddod 
in tho fiber bundle* and between fibrils which arc alnoat 
Itpoaalblo to b* pe»ov.d fr« th* flbera by * washing and/or 
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1 
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! : 

This layout Ion provides a new *nd *weh inproTed de- 
inking net hod union is effeotlre for newsprint as mil as 
wood-free printed waatepa$er» such .ka wMteledger, laser 
5 printed, xerographic oopypaper and oonputer printout 
waatspaper , 

The delinking nathod of the present invention la to 
remove ink partloles by the uaa of the blologioal activity 
of eniynen on the oelluleee fiber surface and the dispersing 
10 function of enzyme protein on ink particles. 

In eontrast to the conventional method, no alkali or 
de-lnklng aurfaotants are required, although soae 
surfactants a an be used along with the enzyme to enbanoe the 
de-lnklng' efficiency, .In the froth flotation process, the 
15 fatty aoid collHotora are not required* Since oaustio soda 
is not used in the newsprint delinking $ ,a hydrogen peroxide 
bleaching agent is also not required for preventing 
{ . yellowing. 

: i She elimination of the fatty aoid oolleator in this 

I 20 biological de-lnklng prcoeas will solve the persistent pi ton 

4 and scale deposition problea associated with the 

conventional flotation process using the fatty aoid type 

eoap and oalolua salts and silicates, 

25 



SO 



35 



1 . i . 
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f 

DaaoritttlpD at ftia Preferred Babodlnent 
The wastapaper, 3 Uc h an old newsprint, in disintegrated 
In a. conventional pulpar (ooaslatenoy h-7*> or In a high 
oonaldtenoy pulpar, <oo«siatener 12-t5*), at a water 
^ teoperaturs ranging from room t&wrl&vffi'&JSo-c, The 
Edition loVbl of enzyme ii 0.005* to S.oV by might baaed 
to dry weight of wastapaper. the pR of tha atook Blurry is 
adjusted la the range of, J x q„ to 8^0. Is oonpared to the 
oonvenblonal pulping process using oausUo and surfaatanta, 
$ 10 the pulping la the proaenoe of enzyna can ba aonpleted la a 

| relatively abort parlod an* Ink partlolea as-* ooapXataly 

separated fron tb« fiber surface and dispersed wall. Tba 
j. dispersed Inks ar* resoyed out of bba pulp flbara by using 

tha oonvenbloaal washing process equipment > sunn as 
15 vibrating soreen and drua washers without tba aid of 
datargaat surfaatanta in single and aultl^stagee, Tha Ink 
partlolea dlaperasd with tha motion of enzyas protaln oan ba 
also selectively renoved out of tha diluted palp slurry with 
! oonvsntlonal flotation aauipnent in whioh air la in Jested or 

\ 20 drawn into tba palp to provide bubble* to piok up tha 

partlolea, Uo fatty acid ooUeotor Is required In tha oase 
Of wast a newsprint. A small aaount of fatty acid oolleater 
ttay ba ad dad to enfaanoe tha ink ronoval affiolanoy In tha 
oaaa of laaarwprintad waetepaper« 
2$ Anong aaayaas whioh oan ba uaad in tha mathod ara tha 

oarbobydraees and particular enmyaaa, auah as oellula*e» 
hanloallulaaa, peetinase and aimtorea thereof, 
i This blologleal da-inking procasa lowers pulping onargy 

requirements to a large extent Calraat 50* reduction) alnoa 
30 tha addition of eaxyne results la a substantial redaction in 
} pulping tins aa oompered to tha pulping is tha absenoe of 

c anayna, Tho obsorved faatar and saslsr pulping in tha 

| praaenoa of enzyme nay ; ba attributed to tha unique 

- blologloal notivity of th* enaym* whioh is erreetlve to 

j 35 dobond the fiber bonding and dislodg* tha inks bonded an the 

fiber aurfaoa as wall as within too fiber bundles or batwean . 
the fibrils. i partial edzysuitlo hydrolysis of, oellulooe 
within the nioro strueture of tha fiber aurfaoa amy ooour 
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during the pulping. stage. Because of this biologies! 
activity of the enzyme, the fine Ink petioles eabedded 
within fib*? bundles, fibrils end finoa which have been 
impossible to bo taken oat by tbo conventional do-inking 
i B ohe*ioele la the oaso of old newsprint de- inking are 

' removed. 

iooordlng to this biological de-inking method of old 
[ newsprint, ttao addition of hydrogen peroxide to prevent 

I fiber yellowing In not required. This result* In a 

\ ' 10 substantial reduetion of delinking ohealosl ooat as aoapared 
j to the oonventionsl delinking prooeos using eaustia eode t 

hydrogen peroxide 9 chelating agents end sodium silicates. 

It ehould be pointed out that the phyaiael atrengtb 
properties of the resulting P Ql P ***** Prepared by thla 
15 invented itothod are found to be higher than thoe* of the 
corresponding pulp prepared by the convention*! nothod In 
* addition to the much high*** resulting pulp brightness. The 
1 enzyme addition does not appear to degrade the fiber 

strength, but rather improves the fiber strength for reasons 
; 20 not presently knows* 

To mora fully illustrate the present invention > the 
following non-limiting examples are presented* 

i 

\ Sraaple 1 

| 25 De^inkinic of Old Rmfsorint with a Cellol olytlo gnayaa* 

' X sample of old newsprint vastepaper was added to the 

pulper whloh was filled with 40*0 water at a oonsistsnoy of 
It and $ oellulase (enzyme) wee dissolved at the dosage 
level of B-K based on oven dry weight of uastepaper* The 
30 wastepapar was soaked for 10 ainutes and then disintegrated 
for 5 minutes, after a ooDplste disintegration of 
wastopaper, onto half of the pulp slurry was diluted to 1* 
oonale tansy. 

! The diluted pulp alurry wea moved to the air flotation 

\ 35 oell and then the dispersed Ink partioles were removed out 

of the pulp slurry by skimming off the ink partlolee froth 
• out of the oell While injeotlng sir through a porous 

plate* The flotation tine for the oeoplote removal of the . 

\ 

i 

j 
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ink troth wan one minute. 

The other hmlf of the pulp Blurry waa washed on a 
laboratory rib rating soreen to remove the dispersed ink 
particles. 

5 The resulting reeyoled pulp fibers obtained by the 

flotation and the washing step wera evaluated for pulp 
brightness and ■aehanloal strength' properties* to compere 
this enayne- treated de-inked pulp to tha conventional de- 
leked pulp, the same nample of wastepaper was treated In the 

10 pulper irlth addition of 1.0* SaQH, 0,3* B^O^ 39 sodium 
sUloete solution (water glaas) and 0.6* of 3ERPU HT-90 
(fatty sold soap) and 0.2* I0EPAL-66Q (biodegradable 
nonlenlo surfactant marketed by GAP Corporation) bene* on 
oven dry weight of wastepaper. The pulping tine was 10 

15 a i mi tea for a complete disintegration. After diluting to 1* 
consistency, tee dispersed ink particles ware removed by the 
flotation method with tha laboratory flotation oall aa 
described above* 

As shown in Table 1, the brightness of the pulp de- 

20 inked with. enayme was union higher than tnat of the pulp de- 
Inked with the convent tonal oheejleals end the sjeohanloal 
strength of the enzyme -de-inked pulp was also superior to 
the pulp de-Inked with the fatty anld oolleotor and the 
diaperseot (IGBFAL-660), Hloroeooplo observation revealed 

25 that the pulp prepared by the praaeat Invention contained 
aore long fiber fraotlono, has smoother fiber surfaoe ana 
look* less aeohanioftlly damaged. 



30 



35 
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Table 1. Comparison or properties of reoyoled pulp 

by the method of the present inrentlon 
and the conventional method* 



10 



15 



20 



25 



brightness 
(I) 



tensile Index tear Index 
(S.m/g) (mH.m/g) 





torn 


AONP 




JL09F 


sot* 


*OHP 


present flotation 
method 

washing 


50.3 


45.2 
48.6 


* 38.9 
29-3 


32.4 
32.9 


ii-r 

11.8 


13.6 
14.1 


oonYsntional 
method 


45.1 


38.4 


30.1 


32-8 


10.8 


13.1 



AONPi 



Korean old newspaper 
American old newspaper 



15 can be seen fre» We data In Table 1, tbm 
treated pulp g*v+ oleanar and brighter pulp with the washing' 
«e compared to tti* flotation Ink removal using th* 
conventional mat nod. 

Tbe ensym* addition also appeared to accelerate the 
wastepapor disintegration to a large extent* Shan the old 
newspaper was disintegrated In tha conventional pttlper at 
tbe H oonslatonoy. tbt addition of 0.5 J enzyme redueed the 
pulping time from 5 minutes (no eneyne^ addition) to 30 
aeoonda for a oomplet* disintegration aa ahown in Table 2. 

Table a . Relation between eaiyme addition and 
disintegration time. 



30 


angym* (%) 
(oallulaee) 


0.5 


0.1 


0 






disintegration 
time (aeo) 


; 30> 


60-120 


300< 





35 
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10 



13 



20 



30 



3$ 



De-inking of Law CPO foomnuto r nrlnbout) with Collulolytlo 

It la alnoot lnpoaalblo to *qM«t« a oonplete r*uo*al 
of laaar beam oured ink pnrUoXee from the laoor CPO 
vaatepaper with tna conventional * de-inking oheBloaln, 
beoauaa the ink partialis are ao atrontfly adhered to the 
fiber aurfaoe that alkali and ganaral do-inking aurfaotenta 
used in the conventional prooeoa ara not able to dlalodge 
and dleparao tba Ink in the pulp-water slurry. 

A aaaplo of laaar-CPO waatepapor wan added to «ater in 
a laboratory nign oonaintonoy pulpor to nobler* a 
oonalatanoy of 12. 59 *nd a oellulaaa (anxyne) waa added to 
the vator at the doeage larel of 0.3* baaed on the dry 
weight of pepor. at otoek watar tonperature of 20-35"Ci tba 
pulping waft aarried out for 20 ninuteo. The oomplately 
dlslntegratad. pulp alurry vaa dilutad to 0.5* eofldlatenoy 
and than the diaperaad ink pnrtioloe Mere i-#aov«d out of the 
pulp alurry naing tha laboratory notation oall la the nana 
way deacrtbad in Exaapla 1. In thia oae*, to lnoraase the 
Ink raaoral offioionoy and aeleotivity» a aaall aaount of 
the convantional fatty aoid colleotor. «f-90, 0.3* 

baaed on dry valffht of waatapapar, vaa addad prior to the 
e.ir flotation atep and th* flotation tlaa waa 3 nlnutaa. To 
ooapare to the enayaa da-inked pulp, tha oonyaaMonal de~ 
inked pulp, waa prepared by tha aaaa way hut the following 
onanioala and ooodltiona ware uaadc 

1% KaOH on dry woi*ht of waatapaper 
0.15 dlaparaant 
0.81 SBRFAX HT-90 
pulping temparaturoi 50*C 
pulping tiaat 30 nlnutaa 

oalslun nalt addition to tha flotation oalli 2C0ppn 
' notation tinei 3*iaatea 
The britfhtaaaa and tha atrength propertiaa of the 
raaulting pulp aamplaa vera nonpar** In Tabla g. 
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iid thft owiTMtional Mthotf. 



»if-" M "^i? a " 



•iwu- ♦ MT-90(0.3« 



U50 



34.3 



(oottrentional *•«»*) * J 



£0 



25 



aiming 0.1S «r ^7"^"^! «b. dill*-*** 

pulp w» awn*** to i ooMiatoncjr of W» 

r«.0T*d b, flotation for 1 ^ tbi t.n»Uo 

..si. * Comi^Plwa of too «»od of u-lng 
odOTOntionaL wtlwd. 



tanstl* ltvdox 



30 



present juthod 



33*3 



35 



MT-90 (O.M) s -Ah 

(oo?ootl<»»* 1 wtbod) 3»** 



32.8 
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The forgoing disolo«ur« and "dworlption of tho 
Invention X* lllaatrttive tnd «pajumto*y thereof, and 
TartOtJ* ohangee in the method atepa «*y he nde within th« 
aaope of the appended elalm* without departing fro* the 
5 apirib of the invention. 
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M W ar X an an^ onpabX. «f £ 

Pl ' pirtiolaa fro. th. W «* ""» wlnB * lBl0 ^ tok 

2 . „tho4 or Cl.iaJ-Wh«r-.in »ld Ink partlolan arm 
'r*nov«<4 by flotation. 

3 . Th. ..thod of CM >*h.roi» -id ink partlol-a ar* 
raaovad by waahlag. 

4. too Mttaod Of Claim i^nh-rsto anid 
B< l.o .d fro- tha o lMB oooalntlng 

' h.»loallul.». Poctina- ml,**- oarbol^"^*"" 
tharaof. 

i m Ju> £\m r.n 8 . of 0.005* to <« » ~U» - *• 

dry valght of tha waatapmpar. 

a8 ad L S th. «m- of 0.00 5< to 5> » v-ight bnaad on tha 
dry valght of tho waotapapar. 

7 Tha -taod or Clal. ^,inoludin 8 oontrolling tha 
M-n« of tha Piping prooa.a M * W o* ttom roc 
t«ap«r*tur« up to tbout 60«C. 

a . Tha of C>.i- J^noludini oontroUin 8 th. P H 

of W»a pulpWS prooaaa In « ran*, of fro* 3 to 8. 
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Abatraot of th<i Dlftoloaura 
A **thod of do-inking msttptpor by pulping tha papar 
in tha praaaaoo of an anttma Which dialodgaa tna Ink 
parttolaa from tha papa* fibara and raMTing tha dialodgad 
5 Ink partiolaa by a nat&od. «oh aa flotation or willing* 
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r. The title of the invention 

Biological deinkinf aethod* 



2. Detail d— ©ription of the invention 

Thie invention related to the proceee for reel «i- in- eaefni 
pulp fiber- fro* rfood containing or wood free we-tepnpor by a 
biological method in the doinking proce— . 

fteiokln» of pnlp fiber- i- e-.entially n laundarinj or ola- 
anintf procae- which the ink is considered to be the dirt. 

•Shaiioal- elonif "ith heat ind nechanical energy, are uaed to 
dialed"* the in* Jarticl- fro- fiber, and to di-perae the. in tha 
aqSeoui aaaiu*. The ink particle- are than -eparted froa the 
pulp f'baro. either by wa-hin, or flotation or by u-iat a aodarn 
hybrid prooe-a that coabiha- the two elenenta. 

The oAOaicala n-ad for the conventional deinkin* prpoeoa are 
■arfeetanta of *hieh foocfcione are deter»ency to re-ove ink fron 
"bar. dieper.in* action to keep the ink parti clee diaper- ed 
■ prevent redepoaitien on the fiber-, and foaainff action in the 
froth flotation of ink particle*- . 

A typical -orfeetont la a Ion* chain aolecule. with the 
phobic part to the one end end the hydrophilic part to the other 
end! *ho hydrophobic part any b ? con-i-tcd of fatty .old. fatty 
alcohol, nlkylphenol- or other oil-eoluble .ucfectant-. 

The hydrephilic part in the ddnkintf aurfactant usually con- 
■ i-t- of aninon noLecule- auch M carboxyl acid eelt- <" "*1~ 
fonlc acid -alt- and nonionio molecule* ouch atf pelyoxyethyle- 
nated chain-. " 

The typical enrfactantp c*»nonly Utfod in the vn-hing and froth 
flotation d.Inkintf processes are i jodioa njd Potn--u* ■«« J* 
strait-chain fotty acid < soap ). linear elkylben*en*eolfonato( 
LAS J, - - define sulfonate, long-chain fatty alcohol, polyoxy- 
ethyl-nenatad alkylphenola , alkylphenelethoxylatee . and polyoxy- 
athvleneted aftrait-chnin alcohols. M „ 

Sajor diaadvnntagea of naing th«-e -wrfa-tnnts in the ^einklnff 
proceia are exce— foavintf in the eub-equout pulp stock flo* and 
papernakintf proceae linee, Some of tha above aurfactanta are reai- 
itaat to biodogradation i* the effluent treatment stage* causing 
a -erions anvimnajentol problea. " n^. * « «. -jj 

In tha froth flotation doiaking process* a collector i- add- 
ed to aitfloacrate ink into lorgo particle* and attach then to the 
air bubble*. Collector- are required for effective flotation and 
ore usually anionic long-chain fatty acid aoap. Fatty acid colle- 
ctor- are precipitated with calciua ion- to for. Inctfnr, insoluble 
ink particle- end collector pnttidaau With injection of air 
in the flotation cells i the Aggloaerated ink particle- adhere to 
the bubbles • riae to the surface utfd are skinned off from the aye tea. 

Mil J or did advantages of the flotation method using the fatty acid 
collector i- a pitch deposition and calcium scaling problems in 
the ■ lib -e quant a tack Unas and papor making proae-s equ iptnents - 

8-1 



P 



A M<u 
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Bosid*. the surfactant*, other ohewleal* a ro caustic « 0 dn, s 0 - 

•S i°5 i " tal *?! c Jn**tintf «tfont* hydrogen peroxide. 

The hydrogen peroxide bitching agant bee to be added la or- 
der to prevent a pulp color yellowing, caused by the addition of 
cau.tic ,oda and to iaprovo br ^^ft@j of pu In fiber*. 

When an advance la the aordeirn printing and photocopying 
technology the conventional deinking with the aid of surfactant* 
encounter* serious probljas with the waatopaper printed with the 
aire of heavily aerated, highly poiyaeri*ad, or nonimpact ink*, 
such mm ultraviolet, beatiet, Xnro*, l M » nn & ink jot. Those 
tale* uanally contain oared polynor re* in* which bind ink particle* 
■o strongly on the fib.r surface that it is impossible to die- 
lodging the lake completely during the wastepaper def iberixlng 
( pulping ) stag* with the conventional daiaking cheaicala, 
ffxc*** heat and aeohanical energy are also required along with 
the ineffective conventional chcnical*. 

In the Conventional 'floatation do inking process for newsprint 
wastepapar a Major teohnial p rob lea hue ■ one thing to do with the 
fine ink particle* eabadad In the fiber bundle* and between fibril* 
which are » In pet ~iapo*sibie to he removed frott the fiber* by a 
washing and/ or flotation process, 

«%^? h J! i 2X etf Jj° n Provide* a new and aueh iaproved dainking nethod 
which. U effective in the newsprint dainking ae well a* the wood free 
printed wastepapar sue* atf whlteledger, laner printed, xerographic 
oopypsnor and computer printout wastepeper. 

Thi* invented deinking nethod la to reaove ink petioles with 
the use of biological activity of enzyae on the cellulose fiber i , A 

ourfaca and a dispersing function of ensyae protein oa ink patiolee. j>v*< o- ^ mJr***^ 

In contrast to the conventional nethod no alkali end doinking snrftfc- ' 
taut* are required although none surfactant* can be need along with 
the ansyne to enhance the deinking efficiency. In the froth flotation 
procea* the fatty acid collector* are not required. Since caustic 
eoda i* not usod in the newsprint deinking, hydrogen peroxide bleaching 
agent i* not alio required for the yellowing prevention. 

The elimination of the fatty acid collector in thi* biological 
deinking proce** will solver the persistent pitch and acale depo*ltloa 
problea associated with the conventional flotation proceso nalng the 
fatty acid type soap and cnlciua a alt* and eilicato*. 

The invented procew* 1* described in. detail* a* follow*! 

The newspaper auoh a* old newsprint or printed wood free wastapaper 
i* .disintegrated in the conventional pulp or ( consistency 4-7* ) or in 
the high con* latency pulper, 12-10%, at the water toaperature rangod 
from rooa tenperaturo up to 60 0. The addition level of entyaa is 0,006V \ 
to ©\0* based on dry weight of wasepmper. pH of the stock elnrry is 
.adjased in the range of 3,0 to 0*0, km oo* pored to the conventional 
gulping process using const ic and surfactant* the pulping -in the 
process of enxyaa can be conpleted in a relatively short period and 
ink particles are completely *eperated fron the fiber surface and 
dispersed wall* . The dispersed ink* are renewed out of pulp fiber* by 
the conventional washing process equipment* such nm. vibration loraon 
end drua washer without an aid of detergent surfactants in a single 
end'aulti stage*. The ink patriclc* dispersed with the action of enzyxe 
protein can ha also Selectively roaoved oat of the diluted pulp slurry 
with conventional flotation equipment* which air is injected or drown 
into pulp to provide bubble* to pick up the particle*. »o fatty acid 

8 - 2 



i " 

PAGE 40/80 ' RCVD AT 8/2/2005 9:31:26 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/27 * DNIS:2738300 * CSID: * DURATION (mm-ss):33-54 



AUG.' 2.2005- 9:45AM PABST PATENT GROUP 



NO. 5049 



collector 1b raquirsd In the ease of wftate newsprint. But the fi l 
nilliiMrt of fatty acid collector nay ba added to eahanoa th« lak 0 
rosjovnl efficiency in the cose of laser-printed waatepaper. ■=» $ 

Thl> biological deinking proooaa ta to lower pulping energy to a f 
large extant since the addition pf easy** rosulted in a substantial 
reduction in pulping tiaa ea cohered to the pulping in the absence 

alaoat BO* roduofcltuwfkti- observed fester and .eaalac pulping 
E'Sa'preweScS "\n«y.o^.y^.tt r ibnted to « ™JS« b bSdfiTLd 
activity of enayae which la .affective to debond the fib«r bondiugand 
dislodge the ink* bonded iwi-tne fiber surface as wall « f'J 1 ; th « 
fiber bundles dip batwaen th. fibrila. 1 partial annyantio hydrolysis 
of cellulose within aiaro .structure of fiber surface My oconr during 
the pulping atuge. Because of this biological activity of ansyno *■« 
fin* ink particles e-b«d.d within fiber bundle-, fibrila and fine* which 
baa bcoa iapossibi* to ba taken out by the conventional de taking 
chemicals in the caao of ©13 newsprint de inking. 

According to thla biological dolaklag Method of old newsprint, • 
the addition of hydrotfen peroxide, to prevent the yallowind • 

ia not required, which will raault in a subalantinlreduotion of deinkin* 
cheaieal coat ae co-Fared to tha conventional deinking process using 
caustic soda, hydrogen parotide, chelating agent and eediua silicates, 
i It should brpolatad out that tha physical strength properties of the 

I resulting puip finer prepared by thin invented -athed are found to be 

I higher than those of the corresponding palp prepared by the conventional 

!. aathod iradditioh to the auch higher resultiag pulp brightness. Tha 

enayae addition doaa not appear to degrade the fiber strength, instead 
: ' improve tha fiber strength by not-yet unknown reasons. 
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RttWSple'l* 

Doinking of old newsprint with a cellulolytio ensyne. 

a So* pie of old newsprint wastepapar was added to the pulfer 
whore was filled with 40 tS water at the consistency of 4* snd a cellu- 
leso WU dislovod at the dasaje level of 0,1* based on oven dry weight 
of westepaper. The wast&e^^»aA soaked for 10 nlnutea and the* dls- 
inborgrated for B Minute, ^'g gjafefei^f cowplate disintegration of wawte- 
peper, tha ono half of pulp iinfffy wbi dilated to 1* consistency- 

The diluted pulp slurry was waved to tha air flotation call end 
than tha dispersed Ink perticles wore ranovad out of the pulp elurry 
with oklnalng off tha ink partial*- froth oat of the cell while injecting 
air through a porous plate. Tha flotation tine for tha complete removal 
of the ink froth was one Minute. 

The other half of the pulp slurry was washed on a laboratory 
vibration icrean to ran ova the dispersed ink particle** 

The resulting recycled pulp fibers obtained by the flotation and 
tha washing step ware evaluated for tha pulp brightness and the Mecha- 
nical strength properties, to cewpare this enaywe-traatod deinked 
pulp to the conventional deinked pnlp* the sane aanpXa of wastepoper 
was treated in. tha pulper With addition of 1-0* «aOH # 0.3* n 0 ,-ax 
oodiun silicate solution ( water glass ) and O.fl* of GBR7AX Mr-90 ( 
fatty acid soap ) and 0.2% 1SBFAL-660 based on oven dry weight of 
waetapaper. the pnlping tine was 10 winuta* for a conplte disin- 
tegration, After diluting to 1* consistency, the dispersed ink 
particles were renoved by tha flotation wethod with the laboratory 
flotation cell as the way described nbove. 

Am Shown in Table 1. the brightness of the pulp deinked with 
eaty*e was wwca higher thon that of the pulp deinked with the con- 
vantloaal chantcale and th* wechasical strength of the ensytie-de inked y 
pulp Was also superior to that polp deinked with the fatty neld i 
collector and tha diapcreant C lOIt^A^SO ). The Microscopic aJ€*jV*W^ 
Observation revealed that the pulp prepared by tha present inven- 
tion contained loro long fiber fractiona and has en o other fiber 
surface nnd looks lass nochsnlcally deaaged. 

Table 1. C caparison of properties of recycled pulp by nethod 
of preset invention and the conventional method. 





brightnBs* ! tensile iroW 
( * ) )( Wg ) 


tear index 1 
( *H.» /g) J 
1 


1 

KO!(P AOHP j KONP AOJSP 


HOttP AOm* t 


present j flotation 


47,1 4fi.2 


28.9 32.4 


11.7 13*8 I 
1 


Method | 

j weaning 


SO* 3 40.6 


29.3 32.9 


11.8 14U f 
f 


88PJBI KT-OO 


46.1 39,4 . 


30.1 ' 32.3 


10.8 13.1 | 

», ■ 



KDNP; Korean old newspaper. 

40HP; American old nawepapor. 
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M .tattle WbliT TT* fW " ca^Lto di.tatwtfeau^ 



0.5 



rUvintergration 



f 30> 
I 



0.1 



3WK 



Bwtpla 2. 

Of W CPO ( ew„ prf,^ , ^ 



It In dMt iapoauibla to m±lftvs B owlets t 

^^^^^^ 

ba>ad cm the dry^lrtht af ™^ at ^ ***** W1 Of 0.2* 

c*l Mi&^ P %^ t>Y*» ******* but tto diffo^nt tW, 

0.1* WUi 660 di B p*r Btmt W 
0«B* SSBRtf HT-*90 
pulping teapwature ; 50 C 
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The brifhtnuB end the itreaoth P rop*rtl«* of tho romiHintf pulp 
■upl*s witb co»fcnr©d 4n fable 3* 

Aa ■howfl la tho tab* ft, bbo ivciffe hh4v*U °* the pop«r Bonple* 
l*dlc*t«B that the naoW of the t«idual infc particle mi mch leo# 
dbotit 10 tt— , for thp pulp doini«4 with th* *x*y»e and thy tcaoil« 
v tra«ih nm bIbo hl*W a* cowered to tf* ffolff prepared with tb» - 
cuttvoatioR&l choadcwla* * . . 

TtM recycled cWcol pmIp of high qu^ity to t*™. of dirt count 
.id flbJltrWh property con ^^f^J^ %l?t £ ST" 
In • awblwrtion of a noil amount of fntty odd collector by the 
flotation «ethod. 



Ttibl* 3* dm^rim^n of pulp propertio* recycled by lb* Bothod 
of pro* ant Invention and conventional ■otnod* 





■ r-~ i 

brightnoM | dirt fttfennt 
C * ) 1 (comit/eree) 


I— — — 1 

texwile Indue 
€ ) 


*nxyjift4»-30(0«3*) 


7fl.O j 4«0 


34*? 
I — -4 




80.6 1 4,330 I 26.3 

i L. ■ 
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with conwrotlonal iwtlioa- 
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Mint wv claimed li ; 

1. Biological do inking z»thod cheroot ftriftliag pulping of 
tM«t« printed paper tilth ensymo and removing ink 
particle* frow fiber* by flotation *nd/or Mehintf 
■atqod. 




mwthod characterizing tiling one 

celiulaM and/or pactlnaa*. 



2. Biological 
kind of 
in claia 1 



3. Biological dolnking Method dbafectexizifetf adding 1 too 

oaonnt of enzyxo in tha range, of 0»005* to 6H booed 
on dry weight of wAatepeporo 1b dais 1 or 2» 

4. Biological delnlttntf Method cftaractorlalng controlling 

t2» taaparatura of pulping procefla ranged trot roo» 
teaser atuce upto 60 0 in claia 1. 

S* Biological deinking aethod chflraeteriHing controlling 
the pH of pulping proceao rouged tram 3 to B in claim 1* 
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Biochemical de-inking method in waste paper recycling 
(BIOLOGICAL DE-INKING METHOD) 

<Purpose> 

This invention provides an effective new, improved de-inking method for the de-inking 
from waste newsprint and other printed paper containing no lignin, namely, white 
ledger paper, laser printed paper by electrostatic photographic process, and computer 
printout paper. 
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Newsprint, such as waste newsprint or waste printed paper containing no lignin, 
containing common pulp content (4 - 7% concentration) or high pulp content (12 - 
15% concentration), is disintegrated in water at temperatures ranging from room 
temperature to 60°C. The amount of the addition of enzyme is based on the dry 
weight of waste paper and the enzyme concentration is 0.005 - 5.0%, The pH of the 
starting slurry is controlled at 3.0 - 8.0. The dispersed ink can be removed from pulp 
fibers using conventional rinsing apparatus without the aid of a surfactant, namely, by 
using a vibrating sieve and a drum rinsing apparatus. By the action of enzyme 
protein, the dispersed ink particles in the diluted slurry can be selectively removed by 
using a conventional flotation separation apparatus by the action of bubbles, which 
float up the particles, resulted from the injection of air and the adsorption of the air 
into the slurry. In the case of waste newsprint, the use of a fatty acid collecting agent 
is not needed, but in the case of laser printed paper, a small amount of fatty acid 
collecting agent may be added to improve the de-inking efficiency. 
<Effect> 

The addition of an enzyme significantly shortens the pulping period and, therefore, the 
energy consumption for the pulping process can be reduced by almost 50%. 

Waste paper was pulped in the presence of other components, and the ink particles 
were removed by flotation method or rinsing method. The pulp was made into paper 
in the recycling of the waste paper after the biochemical de-inking method of waste 
paper. 
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(54) Biochemical de-inking method in waste paper recycling 



Abstract 
No abstract 

Disclosure 

(Title of invention] Biochemical de-inking method in waste paper recycling 

[Detailed description of invention] (Industrial applications) This invention pertains to the de-inking 
process in a biochemical recovery method of valuable pulp fibers from waste paper containing lignin or 
containing no lignin. 

The de-inked ink from the pulp fibers is basically considered as waste, and this process is a waste 
removal or rinsing process. 

(Prior art) In order to disperse the ink in an aqueous solvent after removing ink particles from fibers, 
thermal and mechanical energy were utilized in the presence of chemicals. Subsequently, the ink 
particles were separated from fibers by a rinsing process or a flotation separation process, or a 
modernistic process comprising the two processes. 

The chemicals used in the conventional de-inking process are surfactants having an action of ink 
removal by rinsing, a dispersing action in which the deposition of ink on the fiber surface was prevented 
by retaining the ink particles, and a foaming action for foam flotation separation. 

The typical surfactants are a long chain molecule having a hydrophobic part on one end and hydrophilic 
part on the other end, and they are the ones with a hydrophobic part comprised of fatty acids, aliphatic 
alcohols, alkyl phenol, and other oil-soluble surfactants. 

Commonly, the hydrophilic part in de-inking surfactants is an anion molecule, such as carbonic acid salt 
or sulfonic acid salt, and a nonionic molecule, such as a polyoxyethylene chain. 
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The typical surfactants used in rinsing and foam flotation separation in a de-inking process are the 
sodium salt or potassium salt (soap) of a straight chain fatty acid, a linear alkyl benzene sulfonic acid 
salt (LAS), an olefin sulfonic acid salt, a long chain fatty acid alcohol, a polyoxyethylenated alkyl phenol, 
an alkyl phenol ethoxylate, and a polyoxyethylenated straight chain alcohol. 

The main disadvantage of the use of a surfactant in the de-inking process is the excessive foaming in 
the subsequent pulp stock flow and in the papermaking process. Some of the surfactants mentioned 
above are resistant to the biological decomposition in the wastewater treatment and that is an important 
environmental problem. ~ 

In the foam flotation separation process, the ink particles are allowed to form large particles, which are 
then allowed to adhere on the surface of the air bubbles rn the presence of a collecting agent. 

The collecting agent is needed to provide an effective flotation separation, and commonly they are 
anionic long chain fatty acid soaps. 

In the flotation chamber (cells), the lumped particles adhere on the foam from the aeration, and then 
they float up to the surface and are removed from that system. 

The main disadvantage in the flotation separation method using a fatty acid collecting agent is the 
deposition of pitch and calcium scale formation in the raw material lines and in the papermaking 
process apparatusTjThe other chemicals, other than the surfactants, are sodium hydroxide, sodium 
silicate, metal ion chelate, and hydrogen peroxide. 

A hydrogen peroxide-base bleaching agent prevents the yellowing of pulp caused from the addition of 
sodium hydroxide and its addition is necessary in improving the brightness of the pulp fibers. 

Due to the progresses in the printing technology and copying technology, the conventional de-inking 
process utilizing a surfactant faces a great problem in the processing of waste papers printed by a 
highly polymerized ink or non-impact printing ink, namely, waste paper printed on by ultraviolet 
application, thermal setting printing, Xerox printing, and ink jet printing. 

Those inks commonly contain cured polymer resin, and the ink particles are bound on the fiber surface 
so tightly so that the complete ink removal in the waste paper defiberizing process may not be possible. 
Therefore, it requires an excess thermal energy and mechanical energy in addition to the presence of 
the inefficacious, conventional chemical reagents. 

In the conventional flotation separation de-inking of waste newsprint, the main technical problem is 
related to the ink particles filled in the fiber bundles and between the fine fibers. The removal of those 
particles by rinsing and/or flotation separation process is almost impossible. 

(Problems to be solved by invention) 

This invention provides an effective new, improved de-inking method for the de-inking from waste 
newsprint and other printed paper containing no lignin, namely, white ledger paper, laser printed paper 
by electrostatic photographic process, and computer printout paper. 

(Means for solving problem) 

The invention de-rnkmg process is an ink particle removal process utilizing the enzymic biochemical 
action on the surface of the cellulose fibers and the dispersion function of the enzyme protein on the ink 
particles. 
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In comparison with a conventional method, it does not require alkaline and de-inking surfactants, but in 
order to increase the de-inking efficiency, an enzyme can be used in conjunction with a surfactant. In 
the foam flotation separation it requires no fatty acid collecting agent. In de-inking of newsprint, 
sodium hydroxide was not used, and therefore the use of hydrogen peroxide was not needed to prevent 
yellowing. 

In the conventional flotation separation of newsprint de-inking process, the main technical problem was 
related to the ink particles in the fiber bundles and between the fine fibers. The removal of those 
particles by rinsing and/or flotation process from the fibers is almost impossible. 

(Problems to be solved by invention) 

This invention provides an effective new, improved de-inking method for the de-inking from waste 
newsprint and other printed paper containing no lignin, namely, white ledger paper, laser printed paper 
by electrostatic photographic process, and computer print out paper. 

(Means for solving problems) 

The invention de-inking process is an ink particle removal process utilizing the enzymic biochemical 
action on the surface of the cellulose fibers and the dispersion function of the enzyme protein on the ink 
particles. 

In comparison with a conventional method, it does not require alkaline and de-inking surfactants, but in 
order to increase the de-inking efficiency, an enzyme can be used in conjunction with a surfactant In 
the foam flotation separation, it requires no fatty acid collecting agent. In de-inking of newsprint, 
sodium hydroxide was not used, and therefore the use of hydrogen peroxide was not needed to prevent 
yellowing. 

The addition of a fatty acid collecting agent in the biochemical de-inking process serves to solve the 
deposition of sticky pitch and the scale formed by the reagents involved in the conventional flotation 
separation process, such as the type of soap, calcium salt, and silicates used. 

The invention method will be discussed in detail below. 

Newsprint, such as waste newsprint or waste printed paper containing no lignin, containing common 
pulp content (4 - 7% concentration) or high pulp content (12 - 15% concentration), is disintegrated in 
water at temperatures ranging from room temperature to 60°C. 

The amount of the addition of enzyme is based on the dry weight of waste paper and the enzyme 
concentration is 0.005 - 5.0%. The pH of the starting slurry is controlled at 3,0 - 8.0. In comparison 
with the pulping process using sodium hydroxide and a surfactant, in the invention method utilizing an 
enzyme in the pulping process, the pulping time can be completed within a comparatively short time, 
and the ink particles are completely separated from the surface of fibers and dispersed well. 

The dispersed ink can be removed from pulp fibers using a conventional rinsing apparatus without the 
aid of a surfactant, namely, by using a vibrating sieve and a drum rinsing apparatus. By the action of 
enzyme protein, the dispersed ink particles in the diluted slurry can be selectively removed by using a 
uj conventional flotation separation apparatus by the action of bubbles, which float up the particles, 
I « resulted from the injection of air and the adsorption of the air into the slurry. In the case of waste 
*qy ■= — Newsprint, the use of a fatty acid collecting agent is not needed, but in the case of laser printed paper, a 
(l^rl sma " amount of fatty acid collecting agent may be added to improve the de-inking efficiency. 

^ (Action) 
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In the biochemical dfe-inking process, in comparison with the pulping in the absence of an enzyme, the 
pulping time is significantly shortened, therefore, the energy consumption for the pulping process can 
be reduced by almost 50%. 

In the presence of an enzyme, it was observed that the pulping was faster and easier. The presence of 
an enzyme inhibits the cohesion of fibers, inhibits the adhesion of ink on the fiber surface and removes 
ink from the fiber bundles and between the microfibers. Apparently, these effects may be due to the 
characteristic biochemical activity of the enzyme 

It is not known if a partial hydrolysis might take place in the cellulose in the micrastructure of the fiber 
surface during the pulping stage. Due to the biochemical action of the enzyme, the fine ink particles 
filled in the fiber bundles and in the microfibers can be extracted, and such extraction was not possible 
by the uses of the conventional de-inking chemicals in de-inking of waste newsprint. 

According to this biochemical de-inking of waste newsprint, the addition of hydrogen peroxide is not 
needed to prevent the yellowing of fibers. By this method, the cost of de-Inking chemicals was 
significantly reduced when compared with that of a conventional process using sodium hydroxide, 
hydrogen peroxide, chelate and sodium silicate. 

It must be pointed out that, in addition to the higher brightness of the resulting pulp, the pulp prepared 
by the invention method has higher physical strength than the pulp prepared by a conventional method. 
It is apparent that the addition of an enzyme did not deteriorate the strength of the fibers; rather, the 
strength has been improved by an unknown reason. 

Examples 

Example 1. De-inking of waste newsprint by cellulose decomposition enzyme 

A portion of waste newsprint sample was added to pulp to give 4% concentration, and a portion of 
water at 40°C was added. Then cellulase was added to give 1% content, on the basis of the oven-dried 
weight of the waste paper, and allowed to soak for 10 minutes and then allowed to disintegrate for five 
minutes. After the completion of the disintegration process, one half of the pulp sluny was diluted to 
give 1% concentration. 

The diluted pulp slurry was transferred to an air flotation separation chamber and air was injected in 
through a porous plate while collecting the ink-adhered floating foams as residue, and then the 
dispersed ink particles were separated from the slurry. The flotation period for a complete separation of 
ink bubbles was one minute. The remaining half of the slurry was rinsed off using a vibrating sieve to 
separate the ink particles. 

The recycled pulp fibers obtained from the floatation separation process and from the rinsing process 
were evaluated for their brightness and mechanical strength. In order to compare the characteristics of 
the enzyme treated de-inked pulp against the conventionally de-inked pulp, the above waste paper was 
treated in a pulp slurry containing 1.0% NaOH, 0,3% H 2 0 2 , 3% sodium silicate solution (water glass), 
and 0.8% SERFAX MT-90 (fatty acid soap) and 0.2% IGEPAL-660, where the amount was based on 
the oven-dried weight basis of the waste paper. It took 10 minutes to achieve a complete disintegration 
for pulping. The resulting pulp was diluted to 1% concentration to disperse the ink particles by the 
method described above, i.e., flotation separation process using an experimental flotation chamber. 

As shown in Table 1, the brightness of the de-inked pulp using the invention enzyme process was 
significantly higher than the brightness of the de-inked pulps using the conventional chemicals or by 
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using alkali-resistant cellulase. Also, the mechanical strength of the enzyme de-inked pulp was 
superior to the mechanical strength of the de-inked pulp obtained by using fatty acid collectinq aaent 
and dispersant (IGEPAL-660). a 

A microscopic observation clearly showed that the pulp prepared by the invention showed long 
chopped fibers, smoother fiber surface, and lesser mechanical damage. 

Uabte 1] Comparisons of properties of the pulps prepared by the invention method and conventional 
method 



^U) KNOP: Domestic waste newsprint. ANOP: Waste newsprint in USA. 

For the enzyme treated pulp, the flotation separation de-inking was cleaner and brighter than those by 
rinsing method. 

It appears that the addition of an enzyme greatly accelerated the disintegration of waste paper. When 
waste newsprint was disintegrated at 4% concentration in a conventional pulp, the pulping time for the 
complete disintegration with the addition of 0.5% enzyme was 30 seconds as compared to five minutes 
(without the enzyme addition). 

[Table 2] Relation of enzyme addition to disintegration time 



Example 2. De-inking of laser CPO (computer printout) paper using cellulase. 

The complete de-inking of waste laser CPO paper, which contains laser beam cured ink particles, using 
the conventional chemicals was almost impossible. The reason is that the ink particles were adhered 
so strongly on the surface of the fibers that the conventional chemicals, namely, alkali and common de- 
inking surfactant, were unable to separate the ink from the pulp slurry. 

A portion of waste laser CPO paper sample was added to give 12.5 % in a high concentration pulp, and 
cellulase was added to the above to give 0.2% concentration, on the basis of the dried paper weight 

The pulping process was carried out for 20 minutes at starting material temperature of 20 - 35°C, The 
completely disintegrated pulp slurry was diluted to give 0.5% concentration, and subsequently, the 
dispersed ink slurry was separated according to the procedure described in Example 1 using the 
experimental flotation chamber. 
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In this case, a small amount of conventional fatty acid collecting agent and 0.3% of SERFAX MT-90, on 
the basis of dried waste paper weight, was added prior to the flotation separation to improve the de-' 
inking efficiency and to increase the selectivity. Then it was subjected to a flotation separation for three 
minutes. To compare with the enzyme de-inked pulp, it was processed according to the conventional 
de-Inking method. The treatment was carried out according to the chemical conditions listed below. 

A 1% NaOH, 1% IGEPAL-660 dispersant, and 0,8% SEFAX MT-90, on the basis of the dried waste 
paper, were added. 

Pulping temperature: 50°C, 
Pulping time: 30 minutes, 

Amount of calcium salt in flotation separation chamber: 200 ppm, 
Flotation separation time: 3 minutes, 
Brightness and strength are listed in Table 3. 



jtfp *7 » ^ demonstrated in the table, the image analysis of the paper sample showed that the number of the 
b*Jr residual ink particles were about 10-times less and the tensile strength was higher in the enzyme de- 
inked pulp than those of the pulp prepared by the uses of the conventional chemicals. 

As far as the wastewater and the fiber strength are concerned, a high quality recycled chemical pulp 
can be obtained by the uses of a small amount of fatty acid collecting agent in conjunction with the uses 
of an enzyme. 

(Table 3] Comparisons of characteristics of pulps prepared by invention method and conventional 
method. 





f'ipr J Example 3. De-inking of waste newsprint using pectinolytic enzyme 

a s described in Example 1, waste newsprint containing 0.1% pectinase was immersed for 10 minutes 
at 40°C. The disintegrated pulp was diluted to give 1% concentration and the ink particles were 
subjected to flotation separation for one minute. 

As shown in Table 4, the sheet of paper prepared according to the invention was bright and had 
improved tensile strength. 

[Table 4] Comparisons of pectinolytic enzyme method and conventional method 
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(57) Scope of patent claims 
Claim 1. 

A waste paper recycling method using a biochemical de-inking method is characterized in that the 
method waste printed paper is maintained at pH 3 - 8 range and is pulped in the presence of an 
enzyme, and the ink particles are removed by flotation and /or rinsing method from fibers. 

Claim 2. 

The waste paper recycling method using a biochemical de-inking method described in Claim 1 is 
characterized in that the enzyme used in the method in Claim 1 is cellulase and/or pectinase. 

Claim 3. 

The waste paper recycling method using a biochemical de-inking method described in Claim 1 and 
Claim 2 is characterized in that the amount of an enzyme added is 0.005 - 5% range, on the basis of 
the dried weight of waste paper. 

Claim 4. 

The waste paper recycling method using a biochemical de-inking method in Claim 1 is characterized in 
that the temperature in the pulping process is maintained from room temperature to 60 C C range. 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 
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0 BLACK BORDERS 

0 IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
0T FADED TEXT OR DRAWING 
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□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

/^fREFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
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